Continuous progress in the management of chest trauma and better understanding of cardiopulmonary physiology have led to increased survival of patients with penetrating wounds of the heart. This has permitted the diagnosis of more cases of acquired intracardiac shunts. Today's cardiac surgical techniques permit the repair of almost any type of defect produced by such injuries. Nevertheless, controversy still exists regarding the timing and surgical technique required to accomplish this repair.
The purpose of this paper is to propose therapeutic and technical guidelines derived from the treatment and long-term follow-up of five cases of complex intracardiac lesions. Haemodynamic and angiographic studies showed an aorto-right ventricular shunt (table) .
At operation a 7 mm fistula was found, connecting the right ventricular outflow tract and the aorta, at the level of the right sinus of Valsalva  (fig 2a) . The An 18-year-old boy complaining of progressive shortness of breath was seen in the outpatient department. Three years before, he had suffered a stab wound at the level of the left third intercostal space. No cardiopulmonary involvement was evident immediately after the injury. At the time of admission, examination showed peripheral signs of free aortic regurgitation. The blood pressure was 110/30 mmHg and a grade 5/6 systolic and diastolic murmur was heard over the whole precordial area. Aortography showed a grade 4/4 aortic regurgitation and a connection between the aorta and the right ventricle.
The surgical approach was via a transverse aortotomy which exposed a fistula between the aorta and the right ventricular outflow tract. In addition two 4 mm perforations were found in the right and non-coronary cusps (fig 2c) . The fistula was closed by direct suture over Teflon pledgets. Pericardial gussets of adequate size were sutured over each cusp perforation. There were no postoperative complications. Four years later the patient is in functional class I and only a short, soft diastolic murmur is heard over the second right intercostal space.
Discusion
An increasing number of intracardiac fistulae has been reported in recent years, probably as a result of improved management of patients with penetrating wounds of the heart (Heller et al, 1974; Mattox et al, 1975; Rayner et al, 1977) . Nevertheless, the timing of and the techniques for the repair of intracardiac defects resulting from cardiac trauma are still controversial. Some surgeons advocate immediate repair with cardiopulmonary bypass when thoracotomy is necessary, arguing that the haemodynamic derangement caused by such lesions is poorly tolerated (Berger et al, 1969) . On the contrary, we as well as others (Beall et al, 1965; Hutchinson et al, 1973) have observed that primary repair of the actively bleeding lesion, together with adequate volume replacement, is all that is needed at this stage. Later, haemodynamic and angiographic studies for identifying the precise anatomy and severity of the injury are mandatory before definitive surgical repair is attempted.
The conventional approach for the closure of fistulae between the aorta and the right ventricle has been a right ventriculotomy (King and Schumacker, 1958; Beall et al, 1965; Summerall et al, 1965) . We have found that closure through the aorta is as easily accomplished and has the advantage of permitting simultaneous exploration and repair of valvar injuries when present. Also visualisation of the valve and coronary arteries reduces the chance of damage to these structures during repair.
Lacerations of the aortic valve have been treated either by prosthetic valve replacement (Beall and Shirkey, 1964; Berger et al, 1969) or by direct repair using pericardial gussets when necessary to avoid distortion of the leaflets (Hutchinson et al, 1973) . We have observed that conservative repair of previously normal valves has yielded satisfactory long-term results. Of the two patients with aortic valve repair, one has no signs of regurgitation and the other a short diastolic murmur only; both are in functional class I after four and eight years of follow-up, respectively. Another patient previously reported by us (Moran et al, 1977) who had a plastic repair of a ruptured aortic valve is also free of signs of valvar incompetence after three and a half years.
Treatment for patients with penetrating wounds of the heart should depend on their haemodynamic state. Some patients will require only conservative management ranging from clinical observation alone to volume replacement and pericardiocentesis or thoracocentesis. Others, with evidence of active or recurrent bleeding will benefit from emergency thoracotomy and cardiorrhaphy. In both groups of patients residual defects such as those reported here have been well tolerated initially. Case 1 in this series remained asymptomatic for seven years until he developed subacute bacterial endocarditis. Ehrenstein et al (1971) reported the case of a patient with an aorto-right ventricular shunt and aortic regurgitation who survived 17 years. Most patients nevertheless will require surgical treatment for the control of heart failure, especially those with large intracardiac shunts or valvar regurgitation or both (King and Schumacker, 1958; Nowlan et al, 1962; Berger et al, 1969; Treasure et al, 1971; Heller et al, 1974) . With careful preoperative studies and the surgical techniques herein described, definitive surgical repair can be achieved with low risk and satisfactory long-term results. 
